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ABSTRACT 

Boslc assembly conEigurn cions of the mechnnlcnl 
face seal arc described and some advanCages assocl- 
oted with each are listod. The various forms of seal 
components (the primary seal, secondary seal, etc.) 
are llluscroccd, and functions pointed out. The 
technique of seal pressure bolanclng end Its applica- 
tion is described; and the concept of the PV factor. 
Its different forms and limitations ore discussed. 
Brief attention is given Co seal lubrication since it 
is covered in detail in a companion paper. Flnolly, 
the operating conditions for various applications of 
low pressure seals (aircraft transmissions) arc 
listed, and the seal failure mode of n particular ap- 
plication is discussed. 

INTRODUCTION 

In a highly technical society the fluids wiilch 
muse be sealed range from water (automobiles, reac- 
tors, submarines) and all, to liquid oxygen and toxic 
chemicals. The meehonlcal face seals developed for 
these applications have many diverse forms, from the 
low cost automotive water pump seals to the very so- 
phisticated seals fer liquid oxygon turbopumps such 
as arc used on the space shuttle. It Is well recog- 
nized thot seals can have a significant cost Impact 
In regards to maintenance and downtime. An addi- 
tional consideration that has received recent atten- 
tion Is the health hazard. It is now realized that 
personnel exposure to even low levels of some sub- 
stances con have serious health consequences; often 
the health damage does not become manifest until late 
in life. 

In regard to chemlools which may bo a health 
hazard, ref, (1) points out that one source of worker 
expo“ure comes from leaks In valves and pumps, and 
states that prevention of a health hazard (occupa- 
tional disease) is highly desirable since it tends to 
be chronic, Untrcatable, and fatal; and may go un- 
noticed if It does not result In an unusual group of 
clinical janlfcBtaClons (the case of a rare neoplasm 
of the liver found In workers exposed to vinyl chlor- 
ide Is an example) . An additional point In regard to 
the seriousness of Industrial carcinogens Is made by 
ref. (2), inwhlch it Is stoted that, unlike cigarettes 
smoking where the risk of lung cancer In cx-smokers 
Is only slightly above that of lifetime nonsmokers, 
Industrial carcinogens caiise an excess risk which 
docs not appear to drop after exposure ends. Specif- 
ically, ref. (2) lists numerous substances which op- 
pcar to bo associated with excessive lung cancer 
roortnllty, among these are polycyclic aromatic hydro- 
carbons, bla chlQromcthyl ether (BCME) and chlorc- 


nethyl methyl ether (CM>Ui} . In this regard, the Oc- 
cupational Safety and Hcalfh Administration (OSIIA) has 
developed exposure limits for over 300 substances and 
nddltionnl substances will probably be added as re- 
search Information is developed. 

In general, face seal app) ■'cation is largely em- 
pirical, being based on past experience. However, 
current technical needs (e.g., breeder reactors) and 
the prcvloualy cited occupational disease considera- 
tions have placed on additional burden on n technology, 
which seeraB to some, to have been barely adequate in 
certain applications. 

The objective of this study Is to review the 
basic seal configurations and design considerations; 
a companion paper, ref, C), summarizes the current 
thinking on seal lubtlcnllon, which Is a major factor 
in Improved life. In this paper, discussion Is limited 
to the conventional face seal. High''porfotmance 
special-purpose senla that employ thrust bearing geom- 
etry machined Into the prlranry-Boal surfaces (hydro- 
dynamic seals) are not addressed; an Introduction to 
these can be found In ref, (A). 

DISCUSSION 

Applications 

The mechanical seal Is recognized as one of a 
family of devices used in the general area of fluid 
scaling of rotating shafts; this general area of scal- 
ing Is represented by the pyramid In fig. 1. At the 
bottom, or base, arc packings which were the cnrllcsc 
and still the most frequently used solution to scal- 
ing problems. Moving up the pyramid, there Is an in- 
creasing complexity of sealing devices Including 0- 
rlngs, lip seals and mechanical seals, beginning with 
the simpler versions used In the oppllance and auto- 
motive Industries. Moving up the pyramid farther 
there are aircraft, morlne, and chemical proct^-» In- 
dustry applications. Finally, at the peak there arc 
sophisticated aircraft and nuclear requirements, and 
rocket component sealing systems. 

Arrangenents of Seal Components 

One conventional arrangement of senl-fnco compo- 
nents Is shown In fig. 2. The primary-ring has axiol 
flexibility, usually contains the primary seal dlnm- 
etera, and also has angular flexibility. The axial 
flexibility allows accommodation of axial displace- 
ments that arise for various reasons (e.g,, face run- 
D'lt, thermal growth differences and tole’once varia- 
tions). The secondary ring can be of v' 'ous designs, 
such as elastomeric ”0"-rlngs, bellovrs, w, piston 
rings. 
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Honenclaturc Applying to Single Parts 


Seat or nutlng 
ring 


Prion ty-rlng 


Secondary-ring 


part having i> primary-seal face and 
being mechanically constrained 
with respect to axlol motion (o.g., 
attached to the ahnCt or housing) 
ring having a primary-seal face and 
flexibility In nxiol ond angular 
modes 

port (0-rlngi piston ring) having 
secondary-seal surfaces that mate 
to the secondary-seal surfaces of 
the prlmnry-rlng ond housing 


Nomenclature Applying to an Assembly of Farts 


1. Centrifugal force tends to retard leakage 
2< Centrifugal force tends to centrifuge solid 
particles awoy from the primary-seal and 
springs, thus there Is o tendency to be self 
cleaning 

3. The scaled pressure tends to put the seal 
rings Into compression 

On the other hand the rotating primary-ring I,D, con- 
figuration has advantoges in that It Is easier to in- 
stall; and In scaling corrosive fluids, the seal can 
be designed so that metal parts do not coma into con- 
tact with the corrosive fluid. 

Tandem Seal Arrangements 


Primary-seal 


Secondary-seal 


Film thickness, 
h 


seal formed by the primary-seal feces 
of the scot ond primary-ring; relo- 
tlve rotation occurs between these 
seal faces 

seal formed by the secondary-seal 
surfaces of the secondary-ring and 
the primary-ring (In the case of o 
bellows, the secondary-seal la the 
bellows Itself) 

distance between primary-seal faces 
(h may vary with radial or circum- 
ferential position and with time) 


Basic Configurations 

Basically, a mechanical face seal (fig. 2) pre- 
vents leakage of a fluid along a rotating shaft which 
passes through a housing or pressure vessel. Sealing 
Is accomplished by a statlonory (nonrotating) primary- 
seal ring that bears against the face of a mating ring 
(seat) mounted on the shaft. Axial loading, from the 
scaled pressure and the springs, maintains the "con- 
tact" between Che primary-ring and the mating ring. 
Sealing occurs at the primary-seal feces. 

The mechanical face seal was Illustrated (fig. 2) 
with a nonrocatlng primary-ring and n rototing mating 
ring (seat) attached to the shaft. It is apparent 
that these functions could be reversed; therefore, 
considering that Che pressure could be either at the 
outside diameter of the primary-ring or at the Inside 
diameter, four basic seal assembly configurations can 
be Identified; these are, a rotating prlmnry-rlng with 
the sealed liquid at the O.D. or the I.p., and a non- 
rotaclng primary-ring With the scaled liquid at the 
O.D. or Che X.D. (sec figs. 2 and 3). Occasionally 
counter-rotating and differential speed applications 
are encountered where both the primary-ring and Che 
mating r.lng arc rotating. 

The most common configuration, especially in 
pumps, is the rotating primary-ring configuration 
(fig, 3); the principle advantage of this configura- 
tion lies In the relative case of attachment to 
straight shaft sections without effecting Che seal 
face allnemcnt. The primary-ring assembly Is easily 
attached to the shaft by set screws, friction fits, 
or similar means which assemble directly on a smooch 
shaft diameter. 

Nonrocatlng primary-ring configurations (fig. 2) 
Is often found In applications where sp^ce Is limited, 
or where the rotating speeds arc hlah. The principle 
advantage of the nonrotating prlmary-rlnR Is the ab- 
sence of centrifugal forces on both the primary and 
secondary rings. 

The rotating primary-ring with Che scaled liquid 
at the O.D. has a number of advantages as compared to 
the rotating primary-ring with the scaled liquid at 
the I.D. These arc! 


For dangerous liquid, seals arc often used In 
tandem (fig. 4) with a barrier liquid between the 
seals. The barrier liquid may be pressurized Co a 
level slightly above that of the scaled process liquid 
In order to preclude any leakage of the sealed liquid; 
In other designs, the horrlcr liquid Is held at a 
pressure equal to or even slightly below that of the 
process liquid. Selection of the barrier liquid pros- 
Burc depends on rescrlcclons regarding leakage rates 
of Che barrier liquid Into the process liquid, or on 
the process liquid leak rote Into Che barrier liquid. 

It should be noted that holding the barrier liq- 
uid pressure above that of the scaled process liquid 
Is no absolute guarantee against leakage of the pro- 
cess liquid Into the barrier liquid (and then from 
leaking Into the atmosphere). In this regard ref. (5) 
cites the experience with deep well irrigation pumps 
In which water leaked across the seal Into the bearing 
lubricant side even Chough Che lubricant vos at a 
higher pressure than the water. Evidently the seal 
nets os a small pump, transferring the fluid from a 
lower pressure to a higher pressure. The mechanism 
responsible for this pumping action was Investigated 
by several vusenrehers (refs. (6) and (7)) and one 
explanation Is that certain combinations of parallel 
mlsallncmcnt and primary-seal surface wavlness result 
In a pumping effect against the higher pressure. 
(Surface wavlness and parallel mlsallnemcnC are dis- 
cussed In a later portion of this paper.) Obviously, 
If the process liquid Is very toxic, and very low 
levels of atmosphere contamination must be maintained, 
then the possibility of process liquid transport 
across a seal Into a region of higher pressure Is a 
major concern. 

It Is apparent chat many different combinations 
of tandem seal configurations can be constructed from 
the four basic seals (rotating primary-ring and non- 
rotating pclmary-clng, elthec of which can be O.D. or 
I.D. pressurized). The advantages and disadvantages 
of each Involve cooling, leakage, safety, and coat 
considerations which arc outside the scope of this 
paper. Several of many possible configurations are 
shown in fig. 4; and It should be noted that tandem 
seola are often used with heat exchangers to maintain 
the seals at a desired temperature level. 

The Primary-Seal 

Tlic primary-seal performs two functions; these 
arc, (a) effectively retains the pressurized fluid 
and (b) acts as a thrust bearing using the sealed 
liquid as a lubricant. (There Is a very close paral- 
lel between seal face operation and thrust bearing 
operation.) When selecting materials for use as seal 
faces, a general rule Is chat all good face seal ma- 
terials must he good bearing materials, but not all 
good bearing maCerlalB will necessarily make good seol 
faces. Carbon- graphite materiala of various types, 
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UBQd In combination with some other compatible hard 
material, are used os face tnatcrlnla In the vast ma- 
jority o£ mechanical seal applications- Table 1 lists 
a number of materials used for seal faces and the typ- 
ical environments and associated material combinations 
that arc frequently uac(J. 

In seals of all types, a basic difficulty is 
found In the fact that the seal lubricoting film is 
very thin (in the range of 1 mien n or less) and 
therefore, very small surface irrej-ilarities, elastic 
displacements (thermal bumps, etc-) and face runout 
motions have a dramatic effect on the lubrication of 
the seal. Thus Che primary-seal cannot, in general, 
be visualised as two perfectly flat and parallel sur- 
faces; some possible geometries arc illustrated in 
fig. L There have been many hypotheses put forth to 
explain the mechanism (or mechanisms) responsible for 
the development of tho lubricating film pressure that 
acts CO separate the primary-seal faces. These hy- 
potheses include the following! surface angular mis- 
allnement, surface wavlnoss, surface espcrltlca, va- 
porization of tho fluin film, axlol vibration, and 
thermal deformation; current work Is reviewed in the 
companion paper (ref, (3)). 

With reference to the possible primary-seal ge- 
ometries of fig. 5, wavlncss (gcomecry n) and angular 
mlsnllnemcnt (geometry b) are most likely sources of 
hydrodynamic pressures that contribute to foce-scal 
lubrication. Coning (geometry c) affects the hydro- 
BtoClc force bolance (not significant in low-preasuro 
seals) and this Is also discussed in ref. (3). Ex- 
ternally Imposed axial vibration (geometry d) can 
produce useful squeeze-film pressures, but It is 
Judged not to be significant because of the high damp- 
ing Chat is associated with viscous fluids and 
secondary-seal friction. Parallul mlsallncment and 
shaft whirl (geometries e and f) do not produce 
significant fluid-film pressures directly but can af- 
fect the transport of fluid Into ond out of the pri- 
mary seal. In this regard, when the primary ring ro- 
tates (nonrotatlng scat), parallel mlsallncment docs 
not influence seol operation (lenkogo, fluid trans- 
port, etc.), since in rotating, all the points on 
the surfaces of Che primary-seal remain within the 
primary-seal. However, when the sent rototes and par- 
allel mlsallncment is present, some points on the sent 
surface enter and leave the prlmnry-seal during each 
revolution. This radial velocity component can affect 
both leakage and lubrication. 

The Secondary-Seal 

Tile secondary-seal elementa may be divided Into 
three b.isic types; 

(a) Compression packings 

(b) Automatic packings 

(c) Bellows diaphragms 

Compression packing was one of the earliest used In 
mechanlcol seals (see fig. 6). The principle feature 
of Che compression packing system is that It utilizes 
a mechanical load on the pocking. The typical ar- 
rangement, shown in fig. 6(a), consists of a small 
packing box, one or two rings of compression-type 
packing nnd a gland follower actuated by the same 
spring load used to load the seal faces . Dynamic 
packing rings used with this construction Include a 
variety of materials, some of which are molded nyn- 
thetlc elastomers, asbestos, and synthetic binders, 
carbon-base packings and plastic materials, the most 
common of which would be PTFE. 

The term "automatic packings" apply to all of 
those packing rings and devices that are self ener- 
gized by the sealed pressure and do not normally re- 


quire on auxiliary mechanical load to maintain seal- 
ing contact. Figure 6(b) Illustrates a typical me- 
chanical seal using an automatic packing ring. Some 
of the varlotlona commonly used In mechanical seals 
Include 0-rlngs, U-rlng, and piston rings. Seals us- 
ing piston rings as the secondary seals generally use 
conventional piston rings of various designs. Fig- 
ure 6(c) Illustrates n typical h^gh temperature piston 
ring assembly, '•’hese ore usually special purpose 
seals operating In severe temperature environments be- 
yond the capabilities of the elastomers described pre- 
viously, 

The third category of secondary seals, bellows and 
diaphragms, can be subdivided Into two groups; 

(a) Elastomer bellows and diaphragms 

(b) Metal bellows and diaphragms 

Figure 6(d) illustrates the ty|)lcal elastomeric 
bellows seel assembly. Sliding packing surfaces and 
the friction associated with them are eliminated. 
Within temperature and pressure limits nnd compatibil- 
ity with the media, the elastomeric bellows Is one of 
the most widely used of all mechanical seals. 

Figure 6(e) Illustrates a formed metal bellows 
arrangement. This was the original construction used 
for all metal seal construction. 

Figure 6(f) is a Inter development illustrating a 
welded metal bellows seal assembly usually found In 
applications Involving high temperatures or highly re- 
active media whero synthetic elnstomors are incompat- 
ible with the media. The welded nesting bellows re- 
quires leas space, has softer spring rotes, wider 
operotlng ranges and bna higher pressure capabilities 
than tho formed bellows. 

Because of the nil metal construction, these 
welded metal bellows, fabricated from corrosion re- 
sistant alloys, will be found In high temperature ner- 
vlco ond In various types of corrosive media, Several 
additional advantages of this construction arc the 
elimination of sliding Interfaces nnd, therefore, tho 
ellmlnntlon of abrasion and fretting corrosion. Tho 
metal bellows also eliminates the need for separate 
springs since the bellows serves both tho scaling 
function and the face loading function. 

In genorol, tho secondary-seal has a dramatic ef- 
fect on tho performance of the seal, but this Is not 
well understood. Also the frictional force of the 
secondary-seal can change substontlally with time, and 
this alters the seal’s performance. In extreme cases, 
the secondary seal friction Increases to a point were 
the seal sticks open; an example 1s "0" ring swelling 
due to lack of compatibility with the sealed fluid. 

Loading Elements 

Figure 7 illustrates the various springs that may 
be found In conventional mechanical seals, starting 
with the single spring (fig, 7(a)), the multiple 
spring (fig. 7(b)), wave spring (fig. 7(c)), belvllle 
springs (fig. 7(d)) ond bellows (fig. 7(e)), 

Tho single spring has the advantage that It Is a 
single component having o relatively large wire cross 
section with less susceptibility to dcgrad.atlon 
through corrosion. The disadvantages ore that a new 
spring is required for every shaft size, the single 
spring is a long assembly, and centrifugal force may 
affect the colls at high speed causing them to open 
up. 

Multiple springs permit the use of a standardized 
spring for a variety of sizes. Loads are varied by 
simply varying the number of springs In tho assembly, 
Multiple springs will operate at a relatively shorter 
operating length than the single spring design. Dis- 
advantages are described as the number of added parts 






in an aBsetnbly, and the potentially grantee effect on 
spring loads for a given corrosion rate. 

Wave springs (fig. 7(c)) arc used in sonla do.* 
signed for very sum 11 axial spaces. Their advantages 
are principally lightweight and limited space require- 
ments. The dlsrdvnntoges c».n be described ns a low 
available working length, degradation of the spring 
loading due to corrosion of the thin materials, and 
the probability of wear under conditions of high vi- 
bration or exccRSlvo movement. 

nclvlllo springs, which arc made up of a series 
of disk washers (fig. 7(d)), have boon used In special 
seal construction. Ttie advantages of this technique 
lo that rates can be changed by simply adding or sub- 
tracting washers. Projected loads from belvllle 
springs will be generally more diametrically uniform 
than I'V of the above aprlngs. The dlaadvantagcs of 
the belvllle spring Is its Initial cost duo to tooling 
required and relotlvaly high spring rates that must ho 
reduced by a multiple number of convolutions. Thorn 
Is also a greater likelihood of fouling the spring 
system through deposits of foreign matorlnl on the In- 
side convolutions of the belvllle pistes, 

Figure 7(e) lUuBtrates o formed metol bellows 
arrangement which was the original construction used 
to obtain on all metol seal assembly, A later devel- 
opment is the welded nesting ballows; a seal assembly 
with bellows is usually found In opplicatlono involv- 
ing high temperotures or highly reactive media where 
synthetic elastomers would be incompatible wlch the 
sealed liquid. The welded bellows requires less apace, 
has lower spring rates, wider operating ranges and 
haa higher prcaaure capnbllitlcs than the formed 
bellows. Finally, a seal using magnets Instead of 
springs is shown In fig. 7(f); this provides n very 
compact assembly. 

Pressure Balance 

Pressure balance Is defined as the ratio of two 
areas. Referring to fig. B (o typical balanced seal) 
the prlmary-senl area, which is the area bounded by 
the outer and inner diameters of the sealing face, 
have been designated Aj. The closing force area, 
which Is the area subjected to the seoled pressure and 
bounded by the secondary seal balance diameter and a 
primary face dlarootct bos been designated Ap. The 
pressure balance ratio is the value of Ap over Aj. 
Expressed in terms of the face diameters, the pressure 
balance Is derived ee shown In fig. 8. 

In simpler terms, It con be stated that the unit 
hydraulic loading transmitted to the seal face of a 
balanced seal is some value leas than the pressure 
sealed. The range of pressure balance used for bal- 
once seals will generally vary over a range from 60 to 
85 percent dependent upon the characteristics of the 
application. The grant majority of seals are balanced 
In the range of 70 to 75 percent. 

When sealing an IncompresBlblc liquid and operat- 
ing on n lubricating film, the pressure drop across 
the sealing face as calculated for incompreaslble flow 
Is a stralghtllae function. 

The average film pressure will, therefore, equal 
50 percent of the pressure scaled. If this factor Is 
equated against the seol's hydraulic balance. It will 
be seen that the residual load available to maintain 
the faces in contact on a 70 percent balance seal 
would be theoretically 2Q percent of the pressure 
scaled, which is the net load available to maintain 
the faces In contact. 

If we are considering a gas as the fluid sealed, 
the flow c>'“racterlstlcs would bo that of a compres- 
sible lluld. The pressure profile serosa the sealing 


fncn would occur In the form of n curve and the re- 
quired balancing characteristics would be adjusted ac- 
cordingly. 

The unbalanced seal (fig. 9), In one In which the 
full value of the pressure sealed is Impressed upon 
tlie scaling faces. Unbalanced noala will generally bo 
used for low preaauro service and balanced acaln will 
bo applied to high pressure applications. 

Arbitrary recommendations ranging from 100 to 200 
psi ore usually establlalied for the operotlng pressure 
limits between balanced and unbalanced seals. In prac- 
tice, there is no fixed value for this decision point 
and oil of the operating conditions as well as the 
characteristics of the media scaled may Influence the 
decision. Unbalanced seals are operating successfully 
In service that range as high as 1200 psl Involving 
special operating conditions and duty cycles. 

Figure 10 illustratcB some varlatlona that may be 
applied to the primary seal feco detail. A wide face 
and a narrow fece are Illustrated. The hydraulic bal- 
ance of cither face can be identical. Hover theleas, 
the two faces may perform differently. Torque require- 
ments and hent generation will bo a function of the 
total load and hence n function of the total face area. 
The narrower face will result in lower torque, lower 
heat generation for a given sot of operating condi- 
tions. This would imply that all faces should be made 
as narrow as possible. This must be tempered by some 
practical consldcratiDns. The moat Important point Is 
that the lapped faces are flat to the limits of a 
manufacturing tolerance. When subjected to mechanical 
and presaura loadings, further varlotlons in face flnt- 
nesD will occur. Since the film pressure Is no longer 
uniform, contact will take place at some points and 
the load will be distributed between some fluid film 
and some contact area. For o given variation In flat- 
ness, the shorter leakage path of the narrow face will 
result in higher leakage rates than the wide face seal 
arrangement . 

There ate no fixed boundary lines or hard-and-fast 
rules for face width. In general, narrower faces are 
used for high speed where the lower torque and heat 
generation may be critical to the performance. Wider 
faces will be found on high pressure, low speed appli- 
cations where lower Btresscs will provide lower dis- 
tortion, thus maintaining the flatneaa charnctcrls- 
tlcs, and this promotes lower leakage rates. 

FV Factor 

An arbitrary mathematical relationship, often used 
to evaluate the severity of an application, is the PV 
value which is the product of the pressure expressed 
in psi times the velocity expressed In foot per minute. 

The result/int PV value is a factor that la useful 
for establishing a rolotive degree of severity of an 
application or for establishing a tough comparison of 
performance between several applications. operating 
under differing operating conditions. It has developed 
through Informal usage by the seal manufacturers, the 
seal users, and material suppliers. There arc several 
variations In the calculations that have evolved and It 
is necessary to be sure that the approwb is uniform 
before comparable relationships can bn established and 
Inferences made from these values. 

Figure 11, formula 1, is the simplest version as 
It is the simple product of the pressure and velocity. 
In this calculation, there Is no consideration given to 
film pressure differentials across the face or geomet- 
ric characteristics. It Is often used to Identify the 
test parameters In face material testing which Is con- 
ducted with a straight mechanical load on the scaling 
faces and with no pressure differential across the 


contacting area. 

Formula 2 uses ctio balanco factor to roduco the 
prcBsucB booIbiI to the unit loading ttic seal faces 
actually cxporlcnco. In the ease of on unbalanced 
8cal| tUe balancad factor la 100 percent; tbereforo, 
the calculated PV value would bo the some for for- 
mula 1 or formula 2. Only the balonccd seal would 
show a proportlonntoly reduced PV value. 

Formula 3 is a further raodlflcaclon that has been 
used by some seal engineers . In this case, the unit 
loading Is further reduced by subtracting the prossuro 
exerted by the lubricating film between the faces. Uc 
have previously Indicated that on Incomprossiblc fluid 
has 0 substantially straight line pressure drop and 
that the average pressure Is one-half of the differ- 
ential. this vslue Is then subcractod from the gross 
hydraulic load resulting In a net differential hy- 
draulic load which Is used for the PV calculation. 

The concept of the PV value is on imperfect re- 
lationship but. If used in the proper context, it can 
be a useful reference tool. Of the throe versions, 
formula 2 provides the most logical and realistic 
comparison; but, the most important concern Is to 
know the basis of the conpucaclon when making compar- 
isons of face material performances. 

In applications where the pressure differential 
Is very low, such as in helicopter tronamlsslon seals 
in which the pressure differential may be tero, the 
spring lending magnitude Is critical. In these coses 
the PV factor Is calculated by using the contact pros- 
Bure produced by the springs on the primary-seal area. 
Examples of PV factors uaed in applications sealing n 
gear box lubricants ore given in Table II; the first 
9 entries are helicopter transmission applications 
and the data was given by ref. (8). The Inst two en- 
tries in Table II are reported problem areas, Cam- 
parlBon of the PV factors of the last two entries with 
the first nine does not suggest operation outside the 
bounds of the state-qf-the-art; this illustrates that 
the FV factor Is not an absolute guide for prediction 
of successful operation. 

Figures 12 through 14 depict the type of surface 
distress that is sometimes found in those types of 
very low pressure seals. The seal was operated under 
the conditions listed in lino lO of Table II, these 
conditions arc! 

2089 M per min (6870 ft/mln) sliding speed; 

7.8 N/cm^ (11.36 pat) face pressure due to spring 
load ond 78,043 (ft/mln x psi) PV factor. Instead of 
a face contact pressure some seal engineers use clos- 
ing force per unit length of the circumference. On 
this basis the lood duo to the springs for the oppll- 
catlon in line 10 Table II is 2.14 N/cm or 1.22 Ibf/ 
in.; and briefly stated, for the seal to operate suc- 
cessfully the primary-seal face must act as an oil 
lubricated thrust bearing and produce a load capacity 
equivalent to 2.14 N/cm of seal circumference. How- 
ever, os Indicated In figures' 12 through 14, heavy 
surface distress occurred because of lack of adequate 
lubricating (load support) film. The seal shows se- 
vere beat checking (fig, 12) with temperatures prob- 
ably reaching over 811 E (1000° F) as indicated by 
the soft pearlite produced at local hot spots 
(fig. 13). The wear profile of the rotating seat 
matched that of the carbon ring and this is shown in 
fig. 14. 

Seal Lubrication 

The engineering of seals can involve fluid me- 
chanics, heat transfer, lubrication theory, thermo- 
dynamic, chemistry, physics, metallurgy and dynamics, 
to mention a few of the most frequent areas of con- 


ORIGINAL PAGB IS 
or POOR QUALITY 

cern. Seal probloms may consist of superposition of 
effects which can be interrelated, VS'jally, ooeh af- 
fect can bo analysed by Itrolf. but thon integrated 
offocts muot bo evaluated foi a complete analysis of a 
scaling system. As Indicated provlously, seals ore 
characterised by ourfacos In relative motion separated 
by o very narrow gap. In order to maintain pepper 
operation, very small dltfcronccs in the dimension of 
seal pares must bo maintained. Deformations In geom- 
otry due to Imposed thermal gradients, frictional 
heating, pressure and mechanical and inertial forces 
must be held to a minimum. In mast cases, any defor- 
mations must be no more than mlcrovolues. 

Seals operate in many lubrication regimes, depend- 
ing upon the type of seal, scaled fluid, the applica- 
tion and related chnracCccisties . 

Figure 15 illustrates the various sea*, rubricat- 
ing regimes that can exist (rof, (8)). In a companion 
paper (rof. (3)) seal lubrication is discussed In de- 
tail; the current theories are reviewed and seals are 
classified according to tho lubrication operation mode, 

CONCLtroiNC REMARKS 

The seal descriptions in this paper show that 
mechanical face seals appear In many diverse forms and 
that a basic difficulty of all Is the very small thick- 
ness of the lubricating film (on tho order of 1 mi- 
cron). And since tho film Is very thin, very email 
Irregularities or motions of tho primary-seal can have 
a dramatic effect on the performance of the seal. (For 
a detailed discussion on seal lubrication the reader 
is referred to ref. (3).) 

Generally, seal lubrication is not well under- 
stood and this is evident when compared to bearing 
lubrication In which performance can bo closely pre- 
dicted; in seals, prediction of performance (leakage 
or life) is often not possible. The Importance of the 
secondary seal la stressed, In general, data la lack- 
ing in regard to secondary seal friction which must be 
offset by the spring load or by seal pressure balance; 
bore current practice depends on a vast amount of ex- 
perience. Finally, the limitations of the PV factor 
should bo kept In mind, in this regard, inolghts pro- 
vided by current thinking on lubrication can help guide 
the application of seals. 
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TAULE I. - END FACE SEAL MATERIALS AND ENVIRONMENT COMBINATIONS 

Environiumc 

Seal nose nncorlol 

Shoulder material Environment 

Seal nose material 

Shoulder rjiterlal 

Water 

Carbon graphite 

fironzo t>ll 

Carbon graphite 

Bronze (for feu oppll- 


<olBo carbon 

Nl-rcBlBt 


cations) 


graphite contain* 

Nickel cast iron (lor 


Nl-rcslst 


Ing various 

constant operation 


Cast Iron 


notalB - copper, 

only) 


Ceramic 


lead, bobble. 

Ceramic 


Stolllto (hard facing 


etCi) 

Stellite (hord facing on 


on 316*stalnlcss 



316 Stainless or any 


steel, especially for 



stabilized Btolnless) 


high pressures and 



Tungsten carbide 


high velocity) 



Malcomlzod 316- 


TungBton carbide 



atalnlaaa 


Kalcomlzcd 316-stalnless 



Corbon-mied PTFE 


Carbon-filled PTFE 



ClasB-fllled PTFE 


GlnsB-fillcd PfFE 



Chrome plate on various 


Slnterpd Iron or bronze 



parent materials (must 


Nltralloy, hardened 



be thick enough) 


Tool steel, hardened 



Cornmlc Facing on stain- 


BAE-1040 accol 



less 


Stainless steel (4Q0 


Tungsten carbide 

Tungsten cariiido 


Gorics hardoncd to 


Carbon containing 

StalnlcBs-sCcel (sorlos 


Rockuotl C-50. 


various netalB 

400, hardened to 


This Is general roe- 



Rockwell C-50 or 


ecoendatlon as 316- 



higher) 


stainless In not hard- 



is»— »- ■ 1 


enable) 

CauBtlcB 

Carbon graphite 

carbon-filled PTFE 

Cast Iron 

Qranzo 



Stellltc-fnccd stainless 

Graphite molyb- 

Bronze 


Carbon graphite 

steel 

denuQ 







(nonnctalllc) 

steel Oxidizing Fluids 

Boron carbide 

Boron carbide 


Carbon graphite 





(metallic, for dl- 

- stcol Slurry 

Carbon 

Ceramic 


lute solutlone) 



Tungsten carbide 




Bronze 

Tungfitcn carbide 

Salt solution 

Carbon graphite 

Stainless otccl 

Tungaten 

Tungsten 








Monel [lent Transfer Fluids 

Carbon graphite 

Hl-rcnlst 


Caramic 

Ceramic faced stainX<iaB CDithcnyl class) 


SccUltc 



Cernnlc 


Ceramics 


Carbon babbit 

Phosphor bronze 


throne cacbldo plate 





*TunRotcn carbide 

Eon Water 

Carbon babbit 

Aluminum bronze 


sCecamlc 


Stellite on stnlnloan Alunlnum bronze 

Tungoten carbide 

*Tungatcn cacbldo 


Tungsten carbide 

Tungsten carbide 


*Fcrr high temperature 


Bronze 

Laminated plastic 


capobilitics approx- 


Carbe graphite 

Stolllto 


Inately 7on” F max. 

Acids 

Corbon graphite 

Ilacd-fnccd 316-ocalnlcss Gas {Alfi C02» 

Carbon graphite 

Tool atccls 



Carpenter 20 otalnlcss H^, Oj) 


ChrOf-i? plate 



Stellite 


Tungaten carbide, plate 



Chronlun boride 


and QOlida 



Ceramic 


CiiroQC carbide pinto 



Ilnsceloy A,D,C 


CcranlcB 



Carbon-filled PTFE (for 


3QQ-acainlc&!3 steel 



nonoxldlzlng acids) 


AnCl-otalnlceti nteel 


Ccraffllc 

Stolllto (attacked by 

Glnss-flllcd PTFE 

440-C 



R^iny mineral acids) 

Carbon tilled 

414D, 4340 



Gloos-micd PTFE 

PTFE (not for 

Tool ntccls 



(oxidizing acids) 

Hz service) 

(hardened) 



PTFE 

(Sodium and fluo- 

Chrome oxide 




rlnc compounds 


Gsuoilno 

Carbon graphite 

Cast iron 

and radioactivity 



Carbon filled PTFE 

miy fldvcrnaly af- 




Claao-flllcd PTFE 

feet PTFE) 




Nl-rcslsc 





Nltralloy 





Cornali. 





Stellite foclng on 





stainless Steel 





Stainless otocl, ADO 





serlCB 
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°The seal dlaisetcr Is th^ prlnnry ring nose inside diameter. 






















MECHANICAL SEALS 

HIGHER PERFORMANCE CAPABILITY 
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THE PRIMARY RINC HAS 
UlAXIALFlfXIBIllTV (SPRING LOADED! 

(b! SECONDARY-RING SEALING DIAMETERS 

(C! ANGULAR FLEXIBILITY (NOSE WILL TEND TO ALIM ITSELF TO ANGULAR 
MISALINEMENTOF THE SEAT FACE! 



Figure Z - Arrangement of seal components (nonrotating primary ring). 


ROTATING PRIMARY RING 































BALANCE 7b% 


BALANCE 


Figure 10. * Wide and narrow seal faces. 



IN FT/MINUTE 

(1) PV -APxV 

(21 PV ■ B^xAPxV 

(3) PV • (B^ X AP -0.5APIV 

Figure 11. - Pressure balance formulas. 





ORIGtNAL PAOB B 
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.* [AR 
TRACK 


WATfRiAL TRANSFfR to TROV 
CARBON/rRAPHfTT SFAllSr- RINf 


Fiqure 12. - Micrograph of matino ring sealino face. X12 


YUKON HARDNESS 
TEST INDENTATIONS 


SEAUNr FACE 


: -t- MARTENS nEP 


PEARLITE 

Rc25 


MARTENSITE 

'RcS8 


Fiaure 13. - Micrograph of mating ring cross-section. X200. 

"Hot spots" on sealing face are evidenced by localized annealing 
of ring material. Cooler portions of the sealing face were not 
annealed. 
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